3 Tszrm 12 


scrft 

(Sound) 


1FT yRitVi ylcil; — hh^I , T lf^T[, 

4W1, H^lldl, clip'll , ^RdfcMd, IIsrI 3Tff^ 
Ft Tpltt 't l s^fR FFf FT T3^7 RRR i? Ft 
TFflt FTRt "4 3(FR FT ■H^'x'l Red-M FIcft 1?l 
RtfI % 3FR 4*4 1 ?; 'iNt— < mB > l°h vJn'Jlf, 

TIFWT FFf FTfRI Ph?S^ 3T^TRTt "4 3TTR riTRf 
FF f FT 3T?RFT FT ■fl 3ilH<=hl "3v3ff 
FT^TF % Fit "4 FTR 1? I :RT% 3RJTTK 3TTR TSiFf 
Ft R eft 8c4"1 FT RFe! 1? 3tftT R ft RFFI 
Rum FT FFlt 7?1 3TFT ^tt <^4cd R^T tt ^Ft 
FF "4 444ldRd FT 4H°fre-l i?l FF 3TR dlcdl 
GMI<t 1? eft *FfR 8 c 4"1 Itteft i? I FTT FTR 3TRRt 
Ro^l FT 844l J l Rbk, Rldl ^qpi 8e4~1 FT 
■H°hd %? ?fRi 8e:4"1 °h<^ % led4, 3TPTt FFf 
% IFF FF FT ^H'Mld Rb4l? "Rf F^FFT tf |TR 
RTh5#rr % %Fft FeFR -rTert t afa fFFt 
FT^FF ^ FT fFF 44->K ■H'dRd FtFT 7?Flt 
FTRt TJTTT HfR Ft FTeft 1?l 

12.1 SerfR RFT <irMTdM 

izhWchrflV 12.1 

RF RRftR fg[RF efliRR sfk 5414>1 IFF! 
■RF Ft RRT IFR % ^ RT FR FT pt 
Fidel FRfRI 

pt 3R[^ RTF % TTRtR FURI 
441 3RR 4>1^ *4Id TJR Rltt I?? F44M 
44 Red fgRF Ft RF RFT ept 3RFft 3RJcft 
3 RRf FlfFk, slk STFf aT^RR Ft 3TR^ 
fRRt % FTR RTfcTRI 


SR RF ^FoT tfRF FT RF ^tst FTTfeF 
Ft Ft RF RFf Ft RfTFIT ^ fFRt 
37TRR 'R RFFTfR (RF F# sfk FRT 
cdlRl^l RRt % RF F RF FRT^R 

atR ^ Ft WFTT R RFt Ft ^ fFt?R;) I 
FFT R FT^ fR 44 Red Ft RF 
^F ^ ^ Ft RRf FtfFRI fRR FRR FT^ 
fR 44Rd tt^ Ft RF ^ Ft 
RT^f FtRfR (fFf 12.1) I 
'tRak, FIT iteR t'? 3R^ RRt % RT®1 
fRRR-fFRl FtlFR; sftR RHf 3RRR3tl 
3RR Ft odlOdl FR^ FT 7RF FtfRRI 



fFT 12.1: cbHHM wRpI old’*! ^FR tf^J 
Ft ^ Ft ¥Wf FTet p' 

ItbWchrtlV _ 12.2 

I RF dlF4 F fFTRT Ft RRR RF RFlt ^ 
RftR;i FRRFT 44Red fgpl Ft RF *FTT Ft 
fFf 12.2 RRlfR FpTR RFlt Ft RRf tt 
Wf FRfRI 
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SR f^TT 12.3 <vdtk, S|^K ofiHHM TRfef 
fgRR Rft ftr RRTsrf efft ■qpft 3 
<tRgi< PR Rpft sRRiraff Pf ?rTcn t? 

SRp' Rf«Rt % RTR =hir^tk, 

■% i^RT RRl FlRT t? 



fc ?7 12 . 2 : WTRH ■&!<& Wt V^> ^JT Wft Wf 
TRfW T*wf RRct gR 




fsnU2.3: WTRFf wRl /l^fT 3>t ^R7R J P 

¥> w? 

fib^lebdlMt tt RTR RRT fRRRf PH=b lekt 
t? RRT RTR fRTRt ohM-HH RT^ % fsFTT ?RfR 
cScH"1 R>T ■H c bc) t? 

RR RRT qP4d l^vMlchdlHT t FRt 
tttJR Tt 3RRTR FTR ^Rpl 3cHR R?tl FR f^rf^FT 
RT^st "4' R^R HR, 7|TR RR, RTF RTT, RT^ 
IRT RTT RT 3d=bl Ittfldvl SRfR 3 cH" 1 RTT ■H c bct 
tl FR fsFTRTRFTTRt' f FR RRT RTTt t? FR RT^ 
Rit R>HHM RKet t 3pk *Rp1 3cH~1 dvlct tl 
RRR RTT 3T?| FtcTT t RivhI RT^ RTT t^ft Tt 
RTT-RTT fRT-'3RT RfeT RRdl I R RTRTfcRpT 


31<^ RTRT-R13Tf % cfjpHd Fit % °hK u l 3cM"1 
Ftett ti rr Rftf R$rt rtr Rft ■q^F^M t 
eft RRT 3TTR Rftf £RpT TJRt t? RRT 3RR RTRft 
t fRT RR# fRRfRRFt RTt *RfR t# RRRR 
RTTeft t? 1RT #t H TRF % 15# RTt #R R 
Tt #R RTT ssW't RT RF #TR RKdl t sftT 
?RfR RRRR RTTRT 'tl Rft 3RRt RTRt 1RT RFt 
fRTRT t eft RftlRR sfk RRt if TRF % 

% RjRRt Rft tfeRI 

lehVTchrnv _12.3 

I MRR RRT R 5 rf Rit RRt RRfR sfF 3 Tq^ 
tRRf % RTR fRRR-fRR?f ehlPny, fqr ?RfR 
RRFT RR^ % fRIR fR RTR R 5 ft RR R)H-RT 
RFT RiRR RRRT tl 

12.2 s^f=f 

FR RfTRt t % ^RfR ^RR R-Rdl if R^3t 1RT 
RFRR Fteft tl F°R RT RRT?I PdR^I FtRR ^Rft 
RRfteT Fteft t, RT?RR °h6Rldl tl RF cffR, FR 
RT tR Ft RRkTT tl RteT FRFT FtRR ^Pl 
1RR RT^ RRT PrvhI RT^RR ^ FtRR R^Reft tl 
RR RTtf R?5 RiRR RRcft t eft RF RTRt RRt 
3lk fRURR RT^RR % c h u ll Rft RTRRTR RR teft 
tl t RRT RTRRFf RR^ ^ R^Rt RRT 

RRR RfeT RR RFt R^Rtl RR^ RF^ RTRRR 
RRJ % RR^T f TFt RTet RT^RR % RTR RRRt 
■HetPld FfR^RT fRR7TlRR Ftt tl t RRt 
RRtR % RPRt RT 1RT RRT RTRlt tl fRR% 
RRRR^R fH+icldT RRT RRRt tRTTRTRTRT RT 
tRTRTfRR Ft Rlt tl tRRRRRf RRRT RTt fRTRTfRR 
RRt % RRRTIRTTfRRT RRT 3TRRt TJRf 37RTRT3ff 
t RTRR effe 3Rt tl RT^RR t RF RfRTRT RR 
RRT RRTeft TFRt t RR RRT fRT SRfR 3RR% Rjpft 
RRT RFt h£r RTeft tl RT^RR R *RfR FTR RRRR 

























L 


RRT £Rfi TJcfj ycbi^i RR RRT RRT 'Hebdl %? 

"Q^T tZR RTT fe<^l crfir^lM.1 #tit f## RTt RTTZ RR R^T <sl)<skrll #RR RRI RftfRR;i R^T ^®s|KI 
RftfRR;i <J'H c bl 1R RTTi 1% ZRRtt R^T l^crcrTl RR RTR;i 1R Scroll Rlt T#R ^R % 
"Q^T T|^f ft# % RRR RR #tfRTT| J j^K % RT# 3fft R^T TRS' RTT WRT Rliz ■HHdcd RiR 

RR R^T #tzi dch-si tflfaiO W ddi-s R# it# Rft RRTRRT tt J j,®dK tt fR y=t>K fRRRR^ 

■% ZRRlt RRRRR RRF RRR R# 31# #tl R=F f|#f (#RZ) # 3TTi RT# WT R# TT R5# 

'{H^lk.l H-U^id % RR R^T C {1°IK RT H^dl i?, f#TT 1#T fRR 12.4 # R^lfRT RRT 

■f| #7 RTR #’ #t# #t RTR =hll^|i< RI ficrcdl^ sfk #tRR RT RRR^T % R^# R# RTRi 

^ <\Rs|i<l 3RT# fRRf # RRTRT % R^ % dlR^ % c hK u l % R# "4 RRf cblPdkJ 


■ <HHclcl ^4 u l • ge hfyr '¥#T 



fRR 12 . 4 : WFIW TJlR # 3jrf Rffll TTRT RRRW *j*f RiMpR) RT PliWI W<TT #/ Riwfcia RRRRT RfRR Wff^t 


f##tR (RRRR % RRR R#f) RT«RR 3 #tcTT fan 
RTR#R $)dl is I 

RRT R^T tRSltR i? #t tRRTt RT^RR # #tRR 
Rf# RRRT t 3?k ^%RR % RRR fRRRTRif RRRT 
# Rf# ZRFT RR #i #1 # RRR fRt RRjR Rft 
RfcT 3RR RRRf "4 RRFT RR^ 'fl RT^^RR % RRR 
RRR 3TRf R^t R^ ( eildid tR^R 3TRf RR RTRT 
■fl P=h^1 RT^RR "4 *RfR % RRRR % RRR RtR7 
"^RT ¥t FfRT 'll ^RfefR; ?RfR Rrt RRT % RR 
RPTT RT RRkTT 'll ?RfR RR\ RT?RR % RRRt R)t 
J ifd 'gRl 3TfRRff^TR Rff RTRt '§ 3f^ RffRRT RRt 
=h^dIdl f I 

*RfR % RRRR % teTQ; RT^ RR^ 3lfRRr 
RTRFR RT?RR 'll RR R^tf RRFfTR R^ ^ 
3Tk RRR RRRt "t Rt RR^ RTR^ Rit RT^ RtI 
RRRR ^RR RRtftcT RRRt t 3?fc W RRTK R^7 


R^R RR RiT ^R RcRR RtcTT "tl RR ^R Rtt 
RRNfI (C) RiR^ ■§' (tRR 12.5)1 RR RRfRR 
R)HHM R^ ^ 3TFf •qff 3fR 7jf^ -fl 

RR RRRH R^ it# Rlt 3lk RRR RRRt t it 
tRR RIR RiT ^R RRRT #RT # tR# IrTRR (Rj 
RTRi # (tRR 12.5)1 RR R^ RRR RRRt t - 



fWW 12.5: WTRFT q<rg Pt><rfl 'RT^TR *f RhI-S’1 (C) RRT 
IrTRFT (R) Rp vtvft RRRR RRi 


SRfR 
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3T?RcT 3TFt sfk RRI R# Rf 7 TfcT <=h<dl "t cR 
Rf ■HR-Sd sffc fcRFH rR "Q^T RRt ^Tcft ill 
RFf 'HhI-S'I sffc Ickqh SRfR WT ^RTR' 't 

■RTWT Rf qldvl ■H’dRd $idl ill ■HHl-Sd S^-d 

sffa il sfk Rkch Rfr ^T $?T ill ^R 

RvhI ^JSR % IRtt |[Q; 37RcR R RFnt ^R 
■HOMI Rf TMRcT ill IRthI ^fT^Ff "4 ^RTf ^T 
37f%R7 R^R 3[fRR7 RR ^R Rfa RR RRR RR 
RR RTT ^Tldl 'll FTf RRR RfR RiT RRRT RRR 
nRdcPl % R-cK 0 ! % TRR R Rt Rm RT ■HRidl 'll 



1. fatfi RT&RR R’ £RfR g7R RcRR /%3 tRt 
377W WFfl RRT RtR vgWffl t? 


12.2.1 S^fR RM1U | % fcRTT TTTSRTT RTt 
^10^-nchdl T^cft t"! 

?rRt riTrr^ rft i| sffc Rrrt % 
tRR Rtvnl RT^RR; RT^, RRf, T^tcrT STlfR Rft 
3TRRRRRT Rtcfl' ill RF RrRt Rf #FT R#f RRT 
•HRidl I fRR RRfR £KT y^RId tRTRT RT 
RRkTT 'll 

RRtR: "Q^T fdSJcl RSt 3fF R^7 RiTR RTT 
dl^<?=& RoFFTT ollRiq > l idSJcl RZt R^T RqFFTT R 
cddRi^l ^RTRK Rt[ tRR 12.6 R>t RlfcT "q^T Rid Id 
RR Rf RifeqJ RSt % RRR rR RRlR RT 3RR RRRit 
RfR rR TfT RRicl 'll SIR R4d RR rR RRflfR;i RR 

RfFRK rR Rl^ rR-rR RIFT PlRxddl "t, R^t rR 

?Rpl *M i\ RlRt f RUfR rrR RFR[ ^(Rt # 
fd^ddKI RRlffR ^ TFt 'll RRR R^RTcp 
RR RrRK R R^R RTR RT^ TF RTcft R RR 
STTRrR R^R rRR ?RfR ^Rlf H-Sdl Rl RfR 
RcIRTT Rst TTRTR RT^ Pld-ild Rt RTR; eft RRI 
RRu? RRT RR Rt 31TR RZt rR ?rRt ^r rtt^R? 



fRR 12.6: Piqfa 3R H^i u l Wt WFffl 

W ^TfR frTZ Jtf'jli Wt wftn 


XT- 

3. W' 


sm^ hziirm 3?rr 

WRUf t? f 

rrR Rt qifyefi rWf RRt RFcf $? 
wr tflfjD, 3jpj srri /w wr^r -q'xm 
TO wf/ 3 JPT 3 FJ^ fijw g;R 7 
SeRR *dP/ Wt §R WQJt? 

12.2.2 S^fR RTTf RtR f 

febVlcbrim _12.4 


TTR PrcrlVl RtfRTil 3 R R<rl'<=hl rR iRR 
12.7 (a) Rf RRfq 31RRR RffR^I 3TTR fRR 

rR 3lk IRrrR rR eftsT fTSRiT Rl 
3TPT RRT RllR t? RfR 3TTR 3 TrR fTR 'R 

PrcriVl rR wttrr sttR-r^ rtR-rtR R 

RRRTT RR 3 R 7 tRRrR tR, Rt 3RR RRT 

RRR? 





(b) 

fWJ 12.7: fwfwt R ST^ReR 



















L 


I HI 3 FFF fWl'ehl RT RRT Pd$d RTRT I, eft 
RTF 4 <sl' J l Hr fW°bl RT RFTT Fd?i 1 HHr 
% 'H'-c|< u i Ht H?TT % RRRR STPt-Rtl Rfd 
■SRTcTT tl 

rr Hit Ht Ht HHRft Ht rr-rr 

3TT "Rllt I ■HhI-si (C) iH RR $lt Ht "Rif 
^IRHtRT IT-^T 'ft ^RTRt I fc|<cn (R) R>|t 'll 3RR 
HIrI I Hr HrI 'RT^rR' I ^Rpl ■HhI-S'iI RRT 
IcRenl % ^R I ■H-clRd licit || 3R 3RR HthI 

Hm>1 I fRajR % < h'-ck u i rrt Hr! Wl I 

HHl R>t cjcrldl RTT ■H i =bcl ll I dRl 3i^t4 dll 
RiScdldl ll ^R cRTt I HT^RR % RTRt RTT fRTRTRR 
HtHr % ■H’cK u l Ht H^TT % •HHldT llRT ll RRT 
R^T WT H |TH TRTR RRT T TfcT lit RRt crlRbd 
3TRRt fRRR 3TRTRT H 3Tpt-Rtl ItRTR RRt ll 
ItRT wt RRiTT srH Wt ■H’dRd Itcft I, 3TcR^ 
«*|p) dll 3 h||| dll |l 

Rfl 3RR RHbl % 3 rH RTR I HR>4 "RR RTt 
3TPt-RtH RRRTT R IrTT RT|-RT| HrTT| RR It 
3TTRRft RdVl I cRT RRHT Itlt Hmf Htl W 
RRT I RR RRT 'H-cR u l R>t Hr I RRR Rlt RRcT 
crlRhd RRT % HRlI R>t Hr % ciddd^ 3R(Rt tRRR 
31RTRT % RRT-RtH RRR RTRt ll W RR>R R>t RRT 
RTt 3FJ9TR RRT RTRcT || W TFRTR 3FJSTR RRT RR 
RRT I HrH R1WT % RRT 3RHt RT«R R^fcIRt R7 
RRT % RTRR 1 ! H H?IT % Held rH RTRT ll 3RR 
3^3^ R# % rR R 3qfRR7 ^IHRRt R^R R7^fT3if R 
RPR rRR| Hilt dldlR R RRR RiT dch-SI R>=hd RT 
^RcR Rtt RIRf RT^Rlf H Rl# Wt 3^51^ RRT RiT 
RRIWI ll RRtWT Rt 3^5RST RRT || tRi| RRR^T 
lllRR RI®Ff % RTRfRT RR% RIR RT RRcR % Rlt 
Hll RRR^T Rlt RifRRP Rlt Rlt ll 

12.2.3 ScrfR RTR % 3TfRcR8TnT 

fRrRt ^RfR rRt % PHHfdfed 3lfRRf^nT HR | ; 

s^fw 


• 3ii^Rl 


• 3RRIR 


• Rr 


^RlR rRt rI UTRIr RR R fRR 12.8(c) R 
fRUTRT RRT I, Rt RRfRR RRRT I tRF RR *RfR 

rRt IrtRI rt^rr R rH RRcft I It rr?r rrt 
R1R R RtR rRrIr DrT ll fRTRTt Ptl^Rd RRR 
RT RT^RR RR RRcR RRT RTR Rll It RR% sflRR 
RTR R RRR 3fR RtR ^R % RTR MRclRtd Itl 
ll fRR 12.8(a) RRT 12.8(b) IK^id RR! I tRT 
RR ^Rpl dll RT^RR R RRftR Ht I It RRcR 
RRT RTR R RRT RRR-RRTR HI |l 

RRteR RR Rr I Rif RRR RTR-RTR 3R RTl 
I, '? 7 I RRT % RTRTt RTR R fRTRTRT RRT I [HR 
12.8 (c)] I Rl<a< 3TfRRTRR ■HHi-Sd % Rr rR 
RRflR RTTRT ll W RRTTT RTRtRR RR Rr I Wf 
RRcR RRT RR HI It 3|RRT Itl ll fRTRTR 
Hr RR % Rr I Rif RRR ^T-^T It rt! I 
sffT R^| "RTZt R HIT RTtI ll ^ RRT 
% Hr RTR I HlRRT RRT I [Hr 12.8(c)] I HlTRT 
rI dll RTT |R RRT Rldl r! r| RTRT RTRT ll 
It SbHHId ■HHl-Sdi (C) 3TRRT |l ShHMId fRToHt 
(R) % #5f ^7t Ht RItHI RTRRTTRt ll d(j||4 
rI RRK u ld '. X (iti°h 3T^TT HrT) I HrHr 
fRTRT RTRT ll fTTRTT SIRRRT IHt (m) ll 



Hft^T <?sl<rHi '5^31 , 


IrHr rrHrt R^T RTT RR 
22 RTTRTt 1857 RI IrrI, 

rH I f3TT aflr rrrI Htstt 
rHH fRRRfRITTRTR I ifl 
RRTR H.lt. RRRTRRT % 

H^d^RRlR HtHt Rtt RRHt 
■gR "gfe ^ti r|H Hit, IHnlH, IHtrtrt 
RRT iHrfRRTR % It RfRR I fRRTTTT RTt 
Hr Tlltl r|H RRTTRT-fR^cT RRTR It It 
HHt rI HTTTRft RTR I 31RRI 3RfRZTfR I 
odlOMI Rftl 3ii^lxl % SI RTRRT RTT RR 
RR% RTRTR I T7RT RRTI 
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wr-faftHdii* 



C R C R C R C 
(a) I 



k W 



fvTW 12.8: tFF 12.8 (a) tWI 12.8 (b) Rowi Tffl t 1w &F/F WF ^1 FF #T 3c7R-Ff7F WT #’ Wd/w 

Wlcf)' t/ fcfW 12.8 (c) *=Mc =1 IfSfl 3 c 77 T-^(S/qf Wt WFN WT *f fWW 7 F 1 T t I 


341^1x1 t Ft FTF FtFt t fFI Ftf FFFT 
fFiFtf Ffor FfFt 'll itft cnll^uj, 

3FF ^vh! ttef Ft x rfe FF FFt Tt 'll 3FF 
FtFf Ft FF> tdPs tf P*lddl FK tt^t t FIT 
3FF% 'gjn ttFI Ft Ftet Ft 3TT^frT tl FF FPlt 
t ftl "SIF feqpi PtvHl FT?FF tf ■H'dRd tldl t Ft 
Ft^FF FF ddd3 IdvRl 3Tf^=hc1H FFI ^ddH HM 
F3 F^F FFFTFT t I ^R?F F^ 
SfpFFIFF FFT 3 FFT FFT FftFtF tf 3?fc 

1JF: 3TfF°bdH MM d°h 3TT% FI k=b '{idd ^.l 
FfFt tl tjchRh FFF t FF Fl<ddl Ft ^>Ff M OM I 
rarft WT Ft 3TFffrT F^dldl tl Fft FF FfcT 
F/FTFT 1M tf 3TFt FTF tt Tpnt Fttt ^jf 
FFt pHMdl Ft MHSdl Ft J I u MI Fit Ft $Hdt 
SFft FFT Ft 3TT^frf *TTF Ft FTFTTtl Ft F1FFFFFT 


v ( iXl °h 3T^R, ^) tt y^Rfd fFIFT ^Idl tl 
^'H°hl SI HldF 6<Pd (hertz, ydl°h Hz) ill 
Ft shHMId ■HHl'Sdl Ft Ft shMMld fFIFFfl Fit 
Rbt) RlR-dd fFj| t "4 Fit FFF Fit FFT 
Fit 3TTFt FITFT FTFt 'tl FTF FIF FFit t fFI 
FF^ ^Tt FtFIF t fetFT FFI FFTF ?FfF WT FF 
3FFt FFFT FIFFTTFt tl T 3T$R ^ pH^PMd 
FFt tl FFFF SIFTFFI Rfj-S (s) tl STT^fxT FFt 
3FFt FUFT % FtF FTFF Fit fFR FFIR oqoKi 
fFIFt Ft FtFIFT t : 



FF FFIK FFI <T5F dKcd Ft ^FfF t Ft 
FTF ttFI t tFI idvHl If^ t FFFFI FFF t 
FRpFF FFt fcReld Ft 3lfFFI MOMI tpRcft tl 



























L 


(dvAl 3TRtRRT (dialed) tf didfeH RFT 
FRjt RF it RRR FFTf FT 'Hchdl tl itt 
^dlddl iRb it RT^FR (FIR) "t dddl t sfk 
IRt FTRl RF RRT it RRR IT H^ddl tl fIrT 
it Aidl Ft ^dlddl iT°h it -did "t dcrldl tl 
<ril=hd Ft ^dfldl 1R 146 u l °bA t t fRF-fRF 
tl %TT «FfR 3 *j£ MFR 3TfRRT3FTf % FRF 
tl disc’d IRt Tt RF 3lfRF$TF -f| 

IdrHl RRlftR ?dPi Ft 341^1x1 Ft dfAl'F 
fFR y=hK 3TRRF FTRT t, Ft' dHxd Fit 'll 
Id) A) RftR FT dAd Fdddl ^flddl tt itlT t, 
311^1x1 FRRt it 3TfFF tttt t 3ffT 3'Hdd dKcd 
tt 3lf%TF r)RT 'tl ITtt RFR fFR ^FfR FT dKcd 
FR itcTT t 3'H=bl 3 h^1t 1 tt FR itcft t f|RT 
% fFF 12.9 t' ^rfqi RF tl 

fFfFR 3RFR cT^TT 3n<^ld Ft dTxlR fFfRF 
3RRfxRt % RTF FRR dRdl t 3?R ftlRF 
dl<xd Ft *dlddT 3cHR dHdl tl 


d< J l 



3^ cr/<p=> Wf ^7 Wt ?R7 


fWW 12.9: PrR rt/<rd Wf z^Pt Wt 3il^Pl FR RRT 
3W rt/<rd Wt ^Pf Wt SfffpT 3Jptt 

wkff t 


Idrnl f^rr tf rf tt^ffi % FfRt 3tk 
3TfFd)dH ft^R Ft RRT F7T 3RFTR FTlt tl it 
RTFRFR: 3T$R At f^fqi fFF FTRT tl tfRT 
If Iff 12 . 8 (c) t l^iaidi rf ti *f1r % ftfR 
^■H°hl dldd) IF F ddxd FT RTFF it 7 !! *FfR 
Ft HdFdl 3TFF RRRT ^JRcT: 1TT% 3MTR Tt 
qlld Ft dldl tl did H fFTTt t^T RT Ftt 
FfZ Rlt:, tt it R^T FfR ^TTt t^t ddlT=h 
1R FR RFlf Ft FfR WT RRFT Fit tl Rft 
1R "tF RT FR "t FfR Rt tt it RRRT Fft 
■^TTf tttl FTT 3TTR fRFT FRRT FIT RFt t? 
3cHld°h Ffl "t ftFRft % RRRT^ Fft TRR tFT 
FTcft tl dtd "t ^T Fit RT 1RFT 3RRTR RFT 
RFRRTT Rtt it FR itt Fit tl RFRT Fft 
3TfFF ^Tt RF FF RFcft t FTffF R1 3lf%TF 
FFt "t RdoS tl fFF 12.10 "t RRF 3R^fxl Ft 
RFF RF 135 *^fR Rt RTR 3R^7fRRT RRIrIr Ft 

Rf tl 

WT 

AAA' 

?I^7 


7PT 



fsnri 2 . 10 : ^Pf FT 3iiqm WR WPfT t RRT 3RW 

Wpf FT 3TTWJ 3JpJW wtffl t 















?FfF FTT FF J J, U I d I (timbre) FF 3Tf#rT3RT 
■f "Ft F*t 'HHM dKc^ FFT ysjcridl Fit Ft ^fddl 
3 3fcR FT# ^ WTFFT FFFT tl F=fTFr STTffrT 
F>t ?FfF FTt #T FT# ill 3#FT 3Tr^frPfr % 
fFFR F <id-M ^dfd Fit FFt (note) F# i| #7 
FF ■y# "4 ^<21 d $idl ill #7 (noise) F#f5TF 
FFt FfFT F®iIf> FIFtF Tjf# "4 ^<21F F# il I 


I 


c TFT W>T wflW-FI Pinfrifisia Wp 
PrwffFT <*><ai it? (a) y^riai, (b) an&l 
3i^HM FFTHFT f4> PlH Pf P fit>H 
WF d/<rqf 3TplW> ft?(a) PTSR (b) WFT 

WF wfi 


FIF % M 1# ^ F^T ■HhI-S'I FT TpT 
Rucrld ’SRI FFTF "4 FF F>t # #t F# 

#T F^dldl il 
FF 'dldcl i| 




FFU, ?FfF # dt## ill FF FTF FTF F^T 
3FF<f FTTFT (T) F# # ^Ct ill 31F: 


v = 

S-TFFT v = Av 
#T = d<## x 3TT#F 

Idvnl FT^FF % t# FFTF ^lldF Fltf#lFFt 
*FfF FTT #T FFt 3F#FFt % f# FFTFF 
fFFt TFFT tl 


FFTFFF 12.1 IdvHl SF# FTF Fit FT#F 
2 kHz 3fk FFFTt dOlM 35 cm tl FF 
1.5 km #t F# "4 l=hddl FFF #Tt? 


f#T fFT i|, 

3TT#F, v = 2 kHz = 2000 Hz 

F### , X 

- 35 cm = 0.35 m 
FF 'dldc) i|, dOI #T u 
= dt## x 3ii^lr1 


= 0.35 m x 2000 Hz = 700 m/s 
FIF FTt 1.5 km FF FT# "4 FT# FTFIT 
FFF 


*#F 1.5kmFF FT# ^ 2.1 s FFF crbD I 


IT 

1. % 

71 w 

▼ * 9 % 


1. fb'bl ^Wfl WFI W>f WF$=4, 3flffW, SJTWlf 
wifi ww 3jiwi P Fwr wrPmw t? 
faru) %Wfl WFI W>f FFT^&f WWI SW^fW 
<3ych 4w P iWF J TWK FWfWU t? 


3. fWFf IWF |F FRFF P %wfw WFT 
wf 3JF[fW 220 Hz FWI ^FT 440 m/s 

ti iw wfi wft wf &4 wff own wftfeiFi 

4. fWFf iwpmkI P 450 m^ct WC #37 

f3t7 wU F^W 500 Hz Wp ^wfw Ipffl 
$1 wlw P RTF WW> wid 


Wt sbHI'ld wftWWf Pf IWWTI WFT 3TWWFT 

wPn? 


Idvnl S^FWT F^ ^ch-S ^ 

FT# *FfF 3# # ?FfF # FtFFT FtFcT "tl 
FUfF FF FT#-FT# ‘FFFTFT’ FFT ‘ dlddl ’ FT# 
FF FFfF % "FF "4 FF#T F# f 1 ##F FFFTT 
3# F^T Ft FFt 'll FFFTFT %FfF % t#; FT# Ftt 










L 


■H^l^llcrlell Ft HIH tl <4tlfH Ft ? Fp1 < 4l 'HHM 
eilaeii Ft tt TTFTet t Iftt Ft ff ff^ Ft ^rt 
Ft SftsiT 3lf%TFT TTFerT ^Fft % TFT "4 ^pT ■H=bel 
t '=KHlT'=b FFlt FTTF FTltr feTF SlfFFT 

tl 


I 


1. wt yqoiai cTFT algai tf sfrR 

qaiznl 


12.2.4 f^PT ^nwrf tr s^ft Ft fttft 

fFTTt FT«FF f *Fft TpF pHfiMd FTFf 3 TTFftF 
ttet tl PivhI Hdi<^ ' J n aPsa % F^tr Ft *Fft 
M°hRI Ft FMF> fWTf tt % tr FTF 
^TTf tet tl FF FF Pl=blerl 

■H°hci t fFT *Fft Ft FTFT MW Ft HM tt 

fitf ftf ti *Fft Ft ftft ftt T=n?^n=r % iptt 

it fttr =h<.a11 fFTTt t ■h^Rci ttet ti ftf 
FF TIFF Ft 34 ml <j-c.-c| FTS-TTFt t -t-il ■telt I 
RvhI FT^TF F ^Fft Ft FTFT FT?FF % FTF FT 
fttt FTTet 11 ff ff Ttrr tt trtF fftft Ft 
3TtT Ftt t eft *FfF Ft FTF FTF ttet FTet tl 
fFTTt Ft FT*FF t FTF FFTt FT ^Fft Ft FTF 
Ft FFet tl FFTFTF % fcTQ; FFJ F «FfF Ft 
FTF 0°C FT 331 m s" 1 FFT 22°C FT 344 m s" 1 
tl FTTFt 12.1 f ttf^FT FT^FFt F F=FT ftttF 
FTF FT *FfF Ft FM Ft FFfFT FFT tl ("^ft 
3FFFt FTF TTFt Ft 3TTF?FFTFT Fit tl) 







6040 


T^tcl 

5960 


otfT 

5950 


ntelen 

4700 


FiTF (tfets) 

3980 


F^T (TT^st) 

1531 


FerT (FT^eT) 

1498 


ftFol 

1207 


FttFeT 

1103 

% 

ITfflFSFT 

1284 


ttfTTFF 

965 


FTH 

346 


3fiF#5PT 

316 


FeFFFT?3TO?F 

213 


£Fft FF: FF Ftf ftF' ^fIf Ft FM tt 
FfFFT ft^t Tt FfeT FTTFT t FF Ftf FTr^FfFFT 
FTF tt FFFT f3TT FTT?T FTFI tl FtfFFT, 
tTZ-FPJFTF FTft FTF: FTT^fIfFT FTF tt FFt 
f| F ?FfF FF7TFFT FtF ?Fft Ft FM tf 
SffFFT t^t "t Ffcl FTTFt t Ft t FFJ t FFTFt 
FTt FFFT FTTt tl fF FFTFt FTFl t F^F 
FlfFFT ^iFt ttet tl W FFFT Ft FFTFt FTFT 
"t TTF^ FT^FTF t FfTFcfF "t F^T FfF tFT 
3tr FFFT ?FfF FFPT ttet t fF^ ?FfF ^F 
FFtt tl FTT^FftFr FT^FTF "t FFTF fTT *Fft 
■^F t fFFt FTFT t ^Ff ttet t tFT FF - 
Ra-sRbt) % FTt^t Ft efte FFTet t 3ftT Ftf 
FFT tFT FFFT Ft Ft SiteT H^FI TTFTet tl 





r 
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1. W$, IF 17 et# jf # /l77 T7&H 
t* 7717^ ty7 lc7d? t? 

12.3 Scrfl cRT tRTcf^H 

Phil tfTT 17 Fl tt F1TJ1T ?lfF FTt UK 

itttt efteft t -tt itt tif it % firrt Ftir 

7t 1TT7T 37ltt tl W1 it iff «7ft 

it Phil ttTT ■ J TT Fl it TTFF tt H<Jc|pfd fttt t 
F17 Ultl % 1ft Pl!Hl 17 HIqH IKdl t 
Pl1=M 37?^l M H 3771 3|Hdl PlsScll 13713t "4 IT 
^ tl H<|c|tl TFf 17 7#t lii 37pl771 FIT 
?lfF % 3TTTFF ftt it fFFT FIT Ultl ftt 
iff fFFT % itl it itl 37TTTT t 17717 ftt t 
37pf7 t #Tf ^11 i< 73^7 it 177 "4 Ffct 'l l *lfl 
Fttt % Ultl % fFF it 3TT1TT % 37lttll 
it 37T1HFT fttt t it 1# item flF p; 
it IT 7fTFtl 

izhWchrflV _ m.5 

111 12.11 it tffl it !1 tt If! 
otlpjt^l 311 MR? Ttn; ift FFHT tt t/t 
If! HI lit t l 

Hlftl it dllf ifl ftt iff! (ITT? t!T 
it 1ir| % 1F1) I 



ft' itlR % itF flit tl 1 O4|0|RH 
=hlfl 11,1 11 If! t> R|t fit % !RT 11 
1ft ifef 1H fit !7f! it 37tr tt 1ft 
it *lfF lit it itllRl itfltil 
Fttf !tf!f it till It fl HR RRRTtfll 
chlflk, flit fl STUlf 1ft it tcjpl 
3715t MR H H t TPt tt itl 
fl !lf!t 11T ifqiM % ill % itlf It 
HI Pm, 11T fit itl t 7711 it ttsIF I 
if 3Tt7 t If! it nflT fllT t lift 
7ft 1l| H Hff aft7 ttlf ITT 

itir t? 

(fTT flUlT! t 1ft t TIFT !7 tuft 
m iff !7 it tflfl itl 1 Hit! 
flTT 1 TUT tl) 

12.3.1 ifcTScrfl 

tlTTt Fplf ITTltl 17^ tft flTTt flTF 3TH1 

TflF % Pi 1)1 iff 3TTT 1t7 tt PdcrlliX IT TTTTTt 
HT7T 7 ft 37T!lt ^)?9 7TO1 IflT^ltt ^Pl fl7 
TfTTf %ft tl 37TWf "git tt loft fTT ?lfl 
it ifllfl 1 ft tl fit iftm f ?lfl it 
7ltflT 77WT 0.1 s 711 iff Tfft tl 7W nfd^Pi 
^lt % ttn; TJ77 ?lfl 7T1T ITlftl ?lfl % itl 
H "t H 0.1s IT 7TH 3T17M 371M ftlT 
ITffTri iff FT flTTt fir pr 7TN, "tt 22 0 C 1 T7 
?lfl it 177 344 m/s IF ^ eft ?lfl it 
3T17tl1 71 it 711 TTfltl % TOf H7T 
IFT 71 0.1s% TMf TfU ifpi 3771: 
iFl t ITltl TTTTf 71 it Fl 1F7T 3Tlt t 
?lft ^771 Fl it if ^177 "pt IT tt IT (344 
m/s) x 0.1 s = 34.4 mfttt ifpi 37F: 7 W 
yPd^lPl "^it % R-m, 37ltn ift ^Pl Tlld tt 
^IdH pt rifl F171 Fl it if ^7t it 3771 
t 3Tltf; 17.2 m 371^1 ftlt ifpi If ^7t 1^ 
% 7TF % 11 IFF left t HTfl 7TF % 11 
%lfl % tl t it ifTltl Ft 1F7 tl *lfF % 



til 12.11: 1 nfl 
























dl<RK RTRcfa % °hK u l IFt "Q^T 3TfRTO 
RfTORpidT # ^fnf ^ ■H'^al ill ®ii^<41 % rrttofr 
TOt «3fft TOf Rldcfe> ^3f ^Rt TOR# RTO ^T 
Rt RRRR M<|o|^H % RTORTOTOT TORT #dt tl 
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l. jrfu^fir3 s ^prf ^/ 4 /r 
TO f? # TOR 342 m s _1 Wt fit RtcT c7TO 
>y</dcta TO7?r ^ ^?TO /icw? |# ##? 


12.3.2 SI^UH 

fe^l TOt' 6M "4 <icH"1 F# TO# ^Pl c O c tl<) "tt 
TO<TO< H<ld4d # °hK u l TO I# RRR RTO R# 
R# ■§ RR RTO fTO RR RR# TOR R # TOR; fTO 
RF ^fTTf # R R^l RF RRRR Rcfed fRR% 
TORRT ?RfR-f#fR #RT t, 3RJTOTR 4>5?dldl tl 
fTO# RRT RRR TO TOt FTRT 3 3TRqfRTO 3RJTRTR 
aRRR 3TRM#R ill 3i^<un #t TOR Rv# # toTO; 
RRT TO TOt Wf RTO #RRl' TO *R# 3TR#RTO 
RRT# #ft ■H 41 fed RRfTO ## <sj/R{ TOTRTO 
3T8TTOT R^t #t F# ill ## % RRT# TOT ^iiq 
FR# *RfR 3TR#RTO 'J# % 3TTRR TO # fTORT 
TORT ill 

RR7FTTO 12.2 R^T fro# TR# -RS-ld % 
HI'H RT# RTORT ■§■ 3#; TOT# RfR^RfR 
2 s % RTOTTR; ^TTf #t ill RfR £RfR # 
TORT 346 m s 1 TOt RFT;, eft R|RR RTO 
R^JTO # #R # -^ f## Ft#? 

ITO: 

*RfR TOt lid, v = 346 m s _1 

yfe^fd ^4 ft troro rtt rrr t = 2 s 
s#R TOR TO# # ^ft 
= v x t = 346 ms‘ 1 x2s = 692 m 
2 s "*t *RfR ^ TO|RT TOTO h^«T % '#5f TOt 

4h41 ^ft TOT TOtl 3TRr^ ^ Id eTTO 
% 41 ’d TOt ^ = 692 m/2 = 342 m. 


12.3.3 % si^cd RTT^fro % TOT^TtR 

1. fell^ld TO TOTRTORtTOT, "TOt, TOTO 
TOTOTTf ^ TOU RT, R^ft RT TTTOR TOTOT; 
TO^ t tTO vsfa RRt ■feroTatf 3 %?T t^TO 
%RTO TT^T fe4ld "feTOT 4 "ft TOTeft ■§, ^RT 

fro troro 12.12 tf ^rofro tott ti 



/cTO 12.12: tftiwfl Wf 

RT RTt "4 i?^T TOTOt TOT 3Rt TOT l^TOT RFT 
TORTOTOR itTO tl RF ^ ^ TORT Fft 
TO# ?#TO TOTTf TOT RR-RR RTRfttcT RR% 
rIto# TOt stft arot Rft fe^n tt #r 
ti 

2. #RtFTOtR fRfRRT RR t # RR^ 
% 3TR, ^oqa: FRR RTO %RFt TOTOR 


















J 


F^ RTRft £RfR R?t ?fTR *¥ RjTR 3RRT 'tl 
R^TTRRjTR TTTf % FRR Rjf 
RFRjR R>t £RfR, RR-RR RRRcfR % °bK u l 
-sTchii % RjRFRRj H§y]dl "t (iRR 12.13)1 



3. °bR<f Fief, RtReR Rj^lf RRT Rrl^HI Fief 
Rjf W[ RgblRR RRT i f fRR?f % 

RRRcfR % 4^1^ ?RfR RM % RRt RFTf 
R|/R ^TTir, ^fj ■% fRR 12.14 ff 
R?faf RR! tl RTRf-RjRf RRRRjR SRfR-^ 
Rff "RR % Rf# RR fRRT ^fTRT "t fRR?f 
fRj ^RfR, £RfR-R£ ?f RRRefR % RRRTc^ 
■hhm ?RR ?f ^ Ffel "4 %ef RTR; (fRR 
12.15)1 






JT 


tt. RRT^ WWf Wt qsbl°hl< Wfcft ft'? 


12.4 aTSIcTr ^FT mR-HI 

FR RRf 3^ Irl Rft ?RfRRf Rjf Rft ^R Rebel I 
"4 SRfR R?f R°RRf RjT hRr< efRRR 
20 Hz ?f 20,000 Hz (one Hz = one cycle/s) RRj 
FfRf 'll RTR R^ ?f RjR 3TRJ % R^ RRT 
R^ 25 kHz RRT Rff £RfR ^JR ■H o bcl ill 

^Rf-^Rf crRkir) Rff 3JRJ RRcff RTcft i| RR% 
°bM R^R-RTl^fRR) % f^fir RjR Ffjf "RT^ 

'll 20 Hz'?! R>R 3i|cjfx1 Rff «c|M Rjf 3 TRRoR 
*RfR RTFf fl RfR FR 3TRR°R *RfR RTf 33 Riff 


Rf FR fRjRt ellelcb % RTRRf Rjf FRl RRTK ?JR 
Riff *f*f fRj FR (rvHI RRJRt RTRf % RTRRf Rjf 
^RRl^tl <I^h)RhR (fe) 5HzRRTRjf 3FffR 
RJt 3TRR°R *RfR R1T 34 r 1 j I RT?% RR^T RRlfRR 


RjRTT 'll l|Rf RRT FTRt 31RRoq hR?K R^t 
?RfRRT RRFT Rj?^ 'll RF ^IRT RRT ^ fRj 
R5 ^^R ^ RF^ R^RTTR FT RT^ 'fl ^^RjR "3^1 


/RRI2.I4; W$rff ^>$T Wf W9FTWK Wtf 



















L 


yqidl wit t FFt fWT 3ii^lri Fft RFF°F 
fcqpi ^3FR FKcl t, Rt RRqcl: R^Flt Fit ■HiqF 
FT FR ttt tl 20 kHz t RfFFi STT^ffT Fft 
Fit FR9RF ^Pl FT FIRqPl F>6ct ti 
4MB+H, RRFTFF 3fk MKMIiH tt Rg FR?FfF 
-3<FM FRF ti ^?5 yqifd % FTcFRt (moths) % 
FFR FR RcFF ^FTtt ttt ti t FTFTR RRFTFSt' 
SKI FFRF TT5F STT^frT Fft Fftt Fft feqPi Fit 
"?JF ■H c hcl tl F't 3tni RRT-HI'H <Tgt ipr RRF1F5 
% FR f FHFkl fFFT RTFt t 3^1 W RFiR 
WT Fit H°h4 RTt t FFT Fit ti "^t Rt 
FFSFfF <icH"1 FRti TltFf TltFTt ti 


FFR ■H5i<4ch -^fcKi: fRF crttRt Fit FiR ^fTTf 
tFT t, Rtf' W FR Fft 3)|c|Wdl ttcft tl 
FF t "Wit FTFft F=fi ^FFlPdF 
tl wt F=F ^tZT-RT Hl^lthid, F^T t^FFR 
F WIfr tfFT tl RF SFfF Hl$9blihld FT 
H-Sdl t Ft RF *RfF WTt Fit fqsjcl ■H'^di t 
qRcltcid FR %TT tl ijMHlF< FF ftlJF RltiFt 
Fit FRftF FR tcIT tl t R%F RltFR FRT 
?RfF Fit Wff f FftFfcFT FR fFF; "Fit ti t 
?RfF Wt FiFT % RTFFiTR FT 3iinldd Ftcft t 
FRT ®qP*d Fit *RfF RTFi TfTTf tcft tl 


XT" 

A, 


1. FCTFF T fJ 6z f t - W# 5 ^ /cFT' 

OT FFT t? \S 

2. PTR it TffllWT SJJ^frfW W W FW t? 

(a) mtm &rfi 

(b) 


12.5 WSerft % 3T^PThT 


FTTSRfFFT F^F RT^fF Ft wt ti FR^rPifT 
3Hq<iFT Fft ^hPrIcT t Rt T[Fi PlPiFd FR FT 


FRF FR TTFicft ti FFftFt FRT fFfFicRT % ^F 


t WT^Piqi FiT Pt'KJd RR "it FFFfF PhFI 
RTFT tl 

• Wcfft -^ : ^ RFft ^ft RTW FRt t 
FFFtF Fft RTcft t fFF FFi FsfFFT FifSF 
FtcTT t; tt-Rl%TFiR Fcrft, fFFR STTFiR 
% "jt, F^FFffFFi 3TFFF 3TTfFI tRF 
F^3Tf Fit RfTW FRFT FtcTT t RfTW 
FRF FTt Fl4d fFcFFF R RFt t ^fR 
FR fFFFTF t RR?FfF wt ttt RTcft ti 
vi’cq 3TT^frT % °bK u l, ^FT, fFFiFTf FFT 
RFRt % FRF 3TFRT FtFR Fft fw 
RTt ti FR R^iR ^ u fdFi RTW Ft 
RTcft tl 

• RR^FfF FF vinth FT^ti «fW| (tRFt) 
t WRt FFT 3RF FtFt FF FFT FTFTF % 
ftnj; fFiFT RT RFiFT tl FTfcFFi RFFit 
Fit RTF: Ft - ^ RFFt, 'jtt, RFTtFt FFT 
tFTTfFFi FFFRRt Fit FFTt % fcR( FFFtF 
t FITFT RTFT tl FT^ ti cdWl t ftlTRTF 
WR FT Rf RTW t fFTFTf FFt tt, 
RFF FT "JR Fft RRFFT Fft RR^cft Fit 
FiR FR tt ti FR^FfF FRt FT^ % 
oRTFi t tJRRt (tfFF Fft) RTFt t sftl 
tftF FRTt FF FFT FFTTt ti ftPT; RRJFFit 
FF FFFtF fFRTT RTFT tl Fit FfFT-RT 
Rt FtF ttFT t, Ft FR^RfF FRt FRFfctF 
tt RTFt t Rt FtF Fft FFIrfIcT Fit F^ltcft 

t (fFF 12.16)1 





^ ^>T ®0lT c h 


fFF 12.le'.TU^fi F7F t - FFFT f itW^xT WFf t 
HiwRfa Ft ~FRft ^ 
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I 


r 




































J 


TTTRTTR EfRRT F^t t, 

Fhjj'M err % tr jjfrtt tejrr, rrt 
E^R RTRt t, ^TiRrlT FTT *RfE RE 34dPl FTT 
RTEf % fePJ EFt fRTRT RT ■Hcbdll 

• EE^RfE RElt RTt FFE % fRfER EFlt Tt 

wrffcT ettt ett ffe re yRifa'd rert 

RETT f| FTT d<=hHl=b '5F?r *‘^«=blK^illW>1 M 
(ECG)RTFT RETT tl 

• EE*RfE ■HtJEdi E^ ffTTT EE t RT EE*EfE 
RTET EE REETE RTT% ETEE ElftT % 
3Hl’dRcb 3TET RTT RfcTfRR ETET RTEt % 
fcEF ETTE t RTTET RETT 'tl FTT TTTJRRT "ft 
flRt % 3Rlt; "tt—R^ET, fEETEET, EEfelE, 
jjt RTfF EE eFrIrE ETET fRTRT RT TTRTRT 
tl EF TTTJEET RTF ETfFT Eft 3TRRERRTR, 
RTT fRRTRR RRT JpF R EEfF RET fEf*FT 
REF t R^F (dRJ-K) EE RET RTElt t 
TTFTEET RTTRT tl FTT d<=bHl<=h f ER^EfE 
di J l ETfFT tr ETREfF t ERE °h<dl t RET 
RR W 3 HTIdRFd tF RTRt t EFT 
ETRRT % EEcR t EftEcfE tFET tl FTT% 
E3REJFE RTET RTF Fdsjd TT%Ef tf nRdRFd 
fRTRT RETT t Rl'H'frl fRT RR 3RT EE 
eFrIrE RRT fcEET RT^I FR yfdfdVl Erf 
ETEFET RT EFFeFr fRTRT RETT t RT lEErE 
RT JjfFE RtT fRRT RETT tl FR d°hdl°h 
RTF 3ERTRt%TTRTt RTFt tl R^IRUHTI^l 
RTT RRRfR E*f RTTRT t TfR EfF RPR RRT 
RR% R^RRET fFeF RRT ETTETF RTF 

3TfEEfEEET3fF RTT RRT ETETt t fRTET 
RETT tl 

• EESEfE RR EERFe Jjt Rt st^F EEfF RTF 
RTTFeT RRRT tf Rtet % fcEF eF fRTRT RT 
RRETT tl t RRT RTF t % RTR RTFT 
fEEEE EtFF tl 


12.5.1 TTFETT 

TTTETT (SONAR) FRF SOund Navigation And 
Ranging "t RRT 11 RTRTT t^dr ^,ldd t fRRt 
RRT t fTRR FhV| Rrt ^Tt, fRRTT RRT RET RTER 
% feTF RR^Rf^ RTTfr RR RRRfR fRTRT RTRT tl 
TTTRTT RTEf RTTRT t? TTTRK t R^ "^fRR' RRT 
-QcFT TTTJRRT FfRT t 3fk F^ fRTTTt RTR RT RFTR 
t fRR 12.17 Rt RlfR RTRTRT RTRT tl 



fWW 12.1 7; $/W glTf itfW Wt tTSff R^RR - g7R 

WW Wt vf rter/r 

tfRR RTERfR RTt RRFT RRT tfRR RTTRT tl 
t RTt RRT t Rddl t RRT TT^F RET f fRF 
RRTTlt % RRRE^ HTIdltd FfRTT TTTJRRT RET 
TTFR RTT Eft RTRt tl TTTJRRT RR?RfR RTRf RTT 
fRIJTT EI%RT t RFET tRT t fRERt 3pdd RR 
c-MIOMI RTT Eft RTRf tl RET t ?RfR Rt RTET RRT 
ETT^RfR % tRR RRT 3#TRFR % RFET 3)RTTET 
RTf RET RTT% RTT fRF Rt ^Tt Rt ERET Rt RT 
TTRTRf t fRTTTT %RfE RTF MTIdRfd tl ETE 
RffRF EE?RfE TT%R % tRR RRT RffEEFR RE 
TIER 3TRTTET ‘t’ t RRT •HJjsO RET t ^Pi Rff 
RTET V tl RR TETF Tf fEF Rif ^Tt 2 ‘d’FMt 
2 d = vxt 


























L 


3H<1 C K1 ftfR Rf RtTORlTO-RTCr RTOt 'll 
thK Rt d c h'fl c h RT 3 H<m 1 j I TOt^ Rt R<l^ FTR 
=h<^ eTRT 'slel % SR fTOeT F^-m), ^ifdtl, 
Hi-sfo'Wi', ffR ( m|cf| R^T) , ^ |Tq; ^16M 
3TTft Rt 's|M=hl'0 Ref Rlt % feTO; fRRT 

tor 'll 


3dRlU| 12.3 RT RTR RT* *Rfq TO^eT 
RTOT t Ft FR TOT t HlMftfel tl=b< 
3.42 s % RRT^ ■H^pcld Rt Reft tl Rft 
■Hfj^ RerT "ft Wqpl Rft Ref 1531 m/s 
tt, eft ■Hfj^ TOT 7-t RM Rt fcbelil ^ft 

tttt? 


ftTOT eTRT % RtR qTTT TO 

t= 3.42 s. 

fr rf "4' FFSRfq Rt rtf 
v = 1531 m/s 

totoIf rt RFt Rf ^ft = 2d 

Rtf d = FR Rt RTOlf 

2d = Rfq Rt RTF x W 

= 1531 m/s x 3.42 s = 5236 m 

d= 5236 m /2 = 2618 m 

3TO: RTOR t FR Rf Rt ^ft 2618 m 

R 2.62 km tl 
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V \ -& 


qR «hi< FP cjow/We7 FvUTt t, 

*if %7t t> 3TFT qR wsf -cig-M t 
SRFRT 1.02 s t> W dlddl 

tl Fft Wt Wtf tt zfIf Wt FTFT 


1531 m/s Ft, Ft RR7 Wt WF 
<*>11*111,1 


"tFT fR F1TOT Rftl fRRT TOT t, RFRTRf 

fto rrrk t srqt RtRF Rt TRfRt % Ir; 
Rt TO RTRft Wf TOFf% RTOT t eTRT 
RFRefr % RRe^fTOTT FRFT RTTOT tl RTOR 
RT TOFT TOR eTTFR % RFTOfq "FR STRttft 
R RtZt' tt RFRfefeT FtRT RTOR % RFTT TOT 
■qf^ft t (fro 12.18)1 To qrofefeT Rtf Rt 
RfTfeT ft RTOR Rt RT RFeTT t fR 3TRftR R 
Rtz Rtf R t sft R fRF TOR RT tl 

rttottot TOfFRT Ft sftt t frtff r ttro 

Rt TRtR t RT^Rfq RT TORtR RTeft tl 



fWF 12.18: WFUFF R7 FF^FtF FvQftF Ftdt t 
F%n FJWtt^F FT <*>1 <il FJTl FTTFfftF 
WtFf t 

12.6 ^of efft R1RRT 

TOT tr^ ^qt t? TOT RT 31 Feint"jfRT f^t 
RF (R 11 !) Rltt t, Rt RTRT "t "R RTt tl 
R RTOTtR 3RffTOf RT RT^ t ttt RTtt RR 
■qftReftf Rt iR^eT -HRel) t RRIeTT t "Rt RRR 
effRRT ttt fq; Rferor tot -qf^rt ti rrr % 
RH RT ^jqt Rt RfRR % R^T % Rt t TOT 
Rtf RRf Rtjtl 
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®ll^l c b u I 3TRT: 

«t) u f «=h u [ 

tw 12.19: W WR & 2fWT WT 

^I6<1 RRR ‘RRf Hcrtnq’ RSdidi ill RF 
hR^i "I *RfR Rit i<=hRia rrrt ill i<=hRid ?RfR 

RRR dftrlRI At ii'jRdl ill RRR dRldil % "RR 


RT RRT Hdell Rlcdrll Ftlt i| RlR RRf RZF RT 
RRf RZF l^lcrQdl R>Fl ill RR RT*RR % ■Hnl-Sd 
RRf RFF RRT H^Mci I cfT RrrR % RTFI Rft 
3Tk RFtI ^TeTT RR RR RTRT i| 3fR RF RRf RZF 
Rt) RRT Rft 3Tk RRTRT 'll fRt MR, Rl«nd % 
HgR't RR RRf RZF RTFI Rl 3TR RfR mmTT -fi 
FR HRK RRf RZF R>RR RTRTT ill R*R RRf R 
fWTH #T FffRT [(tt J «°b, fRFTf RRT RRRR7 
(ftz<H)] FR RHdl Rt) Rif ’JpTT RFT %ft ill R*R 
RRf £RfR RRTt ft RmR RTcf FR RR hHr JdT Rit 
3 h|' dRd-i RRf RRi ■H’dRd RR |FT ll 3Hi’dR=h 

°h u i I °h u ll'd^ (Cochlea) SKI RR HRciddi 
Rif fRSJR R%Rt ft MRclfHd RR fRRT RTRT tl FR 
fRIJR R%Rt RTt RRR RfRRiT RRI MRMRT RRi 
Ir f^T RTRT I 3fR hRrR> FRRl ?RfR % MR 
R °RTMTT RRRT ll 



*RfR ImRft % rtrr rr^ % rttmt zfft Deft ill 
srRt fDDt sRRTRTRi RT«TR D 3T^zf WTf % MR I MRfRT DD tl 
«5ffR RWR D shMMId RdUdi RRT RUddi' % MR R MRftcT DD tl 


*RfR MRMT R, RT^RR % RRT 3TF( Rft "R^R iR^tR Ff ■H’dRd 
¥RlT 'll 

tc|Rl Rl^ifd I ■H'dRd RFi It ■H°hdl I 

RRcR % 3 TRrRR HM ^ddH HM sfR "JR: STRRkTR HM % 
nRcicid "I ItcFT "'JR ItcTT ll 

RF ^ddH ^[t tRR RR R|th1 RT^RR RR RRcR RT RR STRRf MR I 
3TRl RFT Mt ’5RR#T RRRT I, ?RfR r! m\±4 (A) R^dldl tl 
RRT RRT RT^RR % RRcR % RR7 R|yf RtcFT I tefR RR RRR Rl 3RRcf 
R)M (T) RtFI tl 
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• i<chl=h TFR R tR pel'll ^R 'HOHI ^R 3 hi<^Ri (v) ^t!?R 



• sqRr ^T Rtt ( V ) t stj^t ( V ) crqj dOlM (A,) R W t, u = Av 

• ^Rl ^R -did ■H’dRd iRR «=H<r) iTT^^R ^R Tf^rfcT cT2?T cTFT ' C R 

fRRr tRR tl 

• ^Rr % ‘TO^cRt % RldH % 34^’HK, sqR? % 3ilHdd iRR ^R t^TT cTSTT 
LRMciH tft ^fR ft?TT, M<|c|^cb TkTF IT ?#R ^ aRRefa R TFfPT 
^TTR t RR R RRR "Q^T tt clef R tR 'll 

• T 3 ^ RcT^RR TfR % R^ TjeT cfSfT H<ldRfd % Rhf 
R 0.1 s^il TFR sfcTOTT 3?q^q tRn -dlitoj 

• RbR) TT^fFTK "4 ^Rl-RlsRl dKdK ’-KldcRT % =hK u l tldl t RfR "?R 
3?3< U M ^TlR tl 

• %c|pi % StRm^T 11 ! RR dKcd, Mdddl cT®^ J j, u ldl; TRcf dRl) % J j u ll 

3KT RtRRcT RR tl 

• Mdddl *^Rf Rt dlsldl % toT^ ^TTR Rt ^ll'OR°h 3^f^TT tl 

• RhRl k.diich R Rcf)^ R "jpnt ^rR sRR Rf 
Rt dlddl ^TlR tl 

• HMdl R ^RR Rt ^fo^fcTT Rt 3^ Rid) qq 3ffckT "TOTT 20 Hz R 
20 kHz cT3T tl 

• 9fo5kTT % 'TOTT R 3i|c|Ridl qR R) ‘3?q9[oq’ ?qfR ^qj 
9f°£RTT % X RRT R 3?f%J3T 3d^Rl Rt ^diddl Rt <t RI^Rt’ ^TlR tl 

• t RT?^Rt % FdRb<?Hl TM ylRlddi RR R 3?Rq7 <JHd)d tl 

• ■hHk Rt dchdldi ^T 3Hdld TTg^ Rt j I6<R ^TTcT ^tTR TT®7T % 

RtR RjRt -d^id], diRd), Hd-sRddi, It 3 ? tier, ^iFRt, 3nf^ qn 
t rtt oniR % itm; tRr?n "sim ti 




t Rnl-Sd TT®7T Rlicrld 3cH"1 tfR tl 
3. ftiTT tptRt "R ^ ^iRtt ^n t ft? ^R? tNr 13 ! % ttm; 


^kH=h T=n^n=r ^R tRft ti 
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4. spfp Ftff Ft y<2>id 3 h^<^ 4 FFf t? 

5. *Ffp FP ptp-TF STfFFTSPP fpTTt 3RF 3Rft FRlt ”4' tt 3TTF% fFP 
Ft 3PFR FFFTPt f 3PFFt WT FRFT t? 

6. FftP Ft ■c|H c h FFT Ftp '^TT^—'^TT^ cScH"1 tft 'll tltl ’dP'^ t^ITf 
tt % =|P5 td^S d^-dlc^ Ftp TJPTf tt tl ^TF FFf tfFT t? 

7. fFRt oqf^T FP tfTTF F°F WT 20 Hz ^20 kHz 11 ^P t 3FRfFFf 
% fcPR ?Ffp Fft Ft dTdt’t RTF dtiti<| FTR t £pfp FP tF 
344 m s _1 lilt ^ I 

8. t FTFIF7 fFRt FT^F % t ffrff FT tl RF7 FTFTF7 FT^F % 

RF7 fft IT FcFT ff 3TMF FRFT 'tl RTlt ftt FT ftFF =110145 FFT FFJ 
FFT ^rnPl-MH ff tld-K FTt FTct £pfp Fft RTF fcPR FR 7TPF FP 
3i^Hld slid dtM 

9. ftt) £pfp tfp Ft 3ii^lxi 100 Hz tl RF7 fPPZ t FF ftdll PR 
F5FP dtdl? 

10. FFT *pfp HTIdcil % FRt Pldt FP Hldl dRdl t ItldF fpT FFPFT 
pt Fft d-Rdl t? FP PldHl Ft FFTFRI 

11. spfp FP RF7 tp fFRt Hlldtb TTFF % TTTPt Tltf FT PT7% RRT FRF 
«pfp FTF Ft Ffpspfp TJPTf tt tl Ffp tfp FFT mW* 7TFF Ft Rt 
ffFT Tt t fpRT tFP Ffp^pfp Rfppr ttf TJPTf tt - (i) f^TTT ftp 
dIHHM RfppT tf? (ii) ftTT ftp ftfptp ftp tf? 

12. ?pfp Fft % FTIptl % Ft ^FTFFTffFT PFPfF ftftRI 

13. 500 RfFT tNf fpRt 41lK Ft pft ff RF7 FTFT nllK % 3PFR FT 
ftFP FR7 FTpf % FRFP t fPTTFT ^FTcP tl FTpf tf FR% ftrt Ft ^Ff^ 
■did] FT F7F ^PTf t J fl? (g = 10 m s 2 FFT ^Ffp Ft -did 
= 340 m s 1 ) 

14. RF^ ?; ^fp P^P 339 m s _1 Ft PIP t Fddl tl Fft FRFt FTFt^t 
1.5 cm tf, tf PTF Ft 3P^ft Phdll tftf? FFT t 3RF tftf? 

15. STRFPP FFT t? Ft ttf FTP fFTFT FT TTFkP t? 

16. *Ffp Ft FFPTFT t FFT 3#TPTF t? FIT fFTp FPTFt FT fptr FRpf t? 

17. FPFTFR 3TFPT ftTFR FFTRt % ftfR FTT^Ffp FP RFFfF fFRT FFR 
FRFT t? Ftp FtfFRI 

18. FTR3t Ft TTTFT FRt % fcPR FTT^Ffp FP RFFfF %t FRt t? 

19. tfpR Ft FPtftfF FFT FFFTFf FP Ftp ptfFRI 


n 
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20. tk -hHk "5^, ■H'^d s^Rcft f 3?ft <Jd=bl '5lfcT?^f^ 

5 s 4^-dl^ y$ u l °h<dl ill <4^ Hd'| > «4l ^ <4^ 3625 m ITf TTt 

"EfM J I U MI 

21 . IdvHl ^ % ®cdT°b ^ ^>T X RTT eFTT^ % fcTC; T RT%^ft ^TT viH^ld 

f^TT ^fTcTT 1? c hlPdiJ > l 

22. H^^"4 ^TT f^T 4=hK ^TFf '^tTcTT l|? fa^-ddl =blPdi<l 






